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Asteroid Deflection Research 
Center (ADRC)
• NASA Innovative and Advanced Concepts 
Phase II Project
Innovative mission 
design:
Two-body spacecraft, a 
kinetic impactor in the fore 
body, followed by a 
nuclear deterrent in the aft 
body. 
Fore body will create a 
crater in the asteroid, 
allowing coupling of the 
nuclear blast
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ADRC
• Nuclear is not ideal 
for all asteroid 
mitigation mission 
designs
• Short-term warning
• Small response 
window
• Restricting the 
efficacy of most non-
nuclear options 
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Modeling Method
• Computational Method using ANSYS AUTODYN
• Why Computational?
• Smoothed-Particle Hydrodynamics (SPH)
– Originally developed to study problems in 
Astrophysics
– Mesh-free characteristics yields good solutions for 
high deformations
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Smoothed-Particle Hydrodynamics
• Lagrangian Method
• Individual particles 
rather than 
connected elements
• Properties of given 
particle are 
interpolated over 
“smoothing length” 
via a kernel function
• Kernel function 
modifies the basic 
fluid dynamic 
equations
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Explosive Device Material and EOS
• ANSYS AUTDYN Material Library
• Material - Trinitrotoluene (TNT)
• Equation of State – Jones Wilkins Lee 
(JWL)
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Asteroid Material and EOS
• ANSYS AUTDYN Material 
Library
• Material – Porous Concrete
– Asteroids Composition Varies
– Porous Concrete
• Built-in Fracture 
Mechanics
• Porous Nature
• Equation of State – Linear 
with Drucker-Prager 
Strength Modeling
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Experimentation
• AUTODYN Validation
– 1D Bar of TNT
– Pressure, Velocity, Density, and Internal Energy 
Validated
– 14 microsecond Simulation Time
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NED Yield and Energy Coupling
• 2D Axisymmetric 
Solver
• Study Motivation
– Explore the 
nonlinear nature of 
explosions
– Study the point of 
diminishing return 
related to 
increasing payload 
mass
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Surface vs. Subsurface Explosion
• 2D Axisymmetric Solver
• Investigating Energy Transfer at Two 
Locations
• Diagram of 2D Setup:
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Conclusion & Future Work
• Comparison to NRC Report
• 12 Times Efficiency
• Future Work
– Comprehensive study on the effects of grid 
resolution on energy transfer
– Adaptive SPH for more accurate Shock Capturing
– Further analysis to understand full-scale 
applications of data obtained
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